, and devascularization in excess of 40% per session (OR = 3.3; P = 0.056 
Introduction
Arteriovenous malformations (AVMs) are the cause of 1 to 2% of strokes, 3% of ictuses in young adults, 9% of subarachnoid hemorrhages, 4% of intracerebral primary hemorrhages and at least one third of the intracerebral primary hemorrhages in young adults 1 . The incidence of hemorrhage from AVMs is 0.42/100 000 persons-years 2 . The annual mortality rate fluctuates in the 1-1.5% range, with a 2% yearly risk of hemorrhage of non ruptured AVMs, 18% rebleeding risk in the first year and 2-4% every consecutive year 1 . Mortality from a hemorrhagic episode is 10-15% and morbidity, 20-50% [3] [4] [5] .
Current therapeutic options for AVMs include microvascular neurosurgery, radio neurosurgery, and endovascular embolization. Endovascular treatment is usually the primary treatment option and is combined with surgery or radiosurgery.
The reported incidence of complications from endovascular treatment varies between 3% and 25% [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Permanent morbidity and mortality rates fluctuate in the 3.8-14% and 1.0-3.7% ranges, respectively 19 . Several studies 11, 12, 14, 15, [18] [19] [20] have evaluated the predictive factors of complications in endovascular treatment of AVMs: age, the number of embolization sessions, a normal neurological condition in the initial evaluation, number of set of hemorrhagic complications, devascularization was restricted to 25-30% per session and strict post-embolization hemodynamic control was established, involving a 20% reduction of the mean arterial pressure with respect to basal values and continuous monitoring.
Statistical Analysis
A univariate analysis was carried out to describe the effect of demographic factors, presentation symptoms, pre-embolization neurological condition, morphological parameters, number of embolization sessions, percentage devascularization per session, number of pedicles embolized, hemodynamic control and other factors relevant to the risk of post-embolization neurological deficit.
The predictive factors and all the variables with a significant relationship in the univariate analysis (P < 0.05), or according to expert criteria, were included in the multiple logistic regression model to evaluate their independent association with post-procedure neurological deficit, controlling sex and age. The analysis includes Spetzler & Martin's components and general score.
The analyses were carried out using Stata 9.2, 2007 (Stata Statistical Software: release 10; StatCorp, College Station, TX, USA).
Results
The clinical, demographic, morphological and general characteristics of the treatment for AVMs in the studied series were reported in previous papers 22, 23 . The predictive factors of procedure-related neurological deficit given by the univariate analysis were: the presence of intranidal aneurysms (OR: 4.17; IC: 1.1-17.9; P = 0.055); AVM smaller than 3 cm (OR: 3.05; IC: 0.74-12.6; P = 0.124), partial obstruction of drainage veins (OR: 24.2; IC: 2.03-288.2; P = 0.012), devascularization above 40% (OR: 3.21; IC: 1.49-6.92; P = 0.003), absence of post-procedure hypotension (OR: 4.77; IC: 1.08-14.2; P = 0.017) and positive result of the Propofol test (OR: 11.3; IC: 2.93-43.8; P = 0.000). Post-procedure hypotension was a protective factor (OR: 0.27; IC: 0.08-0.86; P = 0.027) ( Table 1) .
The multiple logistic regression analysis (Table 2) confirmed as predictive factors of neurological deficit: the partial obstruction of drainage veins, with OR = 197.6 (IC: 2.76-1416.0; P = embolized pedicles, deep venous drainage, localization in an eloquent area, venous embolization and nidus diameter.
The objective of this study was to determine the predictive factors of neurological deficit, and to evaluate the functional repercussions of long-term complications prospectively in the endovascular treatment of AVMs. The functional neurological condition was documented before embolization and after each endovascular procedure until the end of the treatment, by means of the modified Rankin's scale (mRS) 21 . Any decline in the patient's condition with respect to the pre-embolization Rankin score was considered a neurological deficit associated with the procedure. This included worsening in patients with pre-existing neurological deficit. The new neurological deficit was classified as functionally irrelevant (mRS = 1), non-incapacitating (mRS = 2), and incapacitating (mRS >= 3).
Materials and Methods

Endovascular Technique
Cerebral pan-angiography was carried out applying the transfemoral approach in angiographs featuring digital subtraction and roadmapping (Philips Integris and Siemens Artis). A flow-guided Magic 1.2 or 1.5 microcatheter and Balt Sorcerer 0.009 microguide were inserted, placing the former as close as possible to the nidus or intranidally, so as to carry out superselective angiography, followed by a superselective test with Propofol. Then embolization with n-BCA was performed.
We initially carried out extensive devascularization, 40-60% per session, by embolizing multiple arterial pedicles, without strict postprocedure hemodynamic control. After the on- In the long-term follow-up (mean of 31.1±17.5 months), 95.8% of the patients did not exhibit significant incapacity; irrelevant neurological deficit (mRS = 1) persisted in four patients; and both non-incapacitating (mRS = 2) and incapacitating neurological deficit (mRS = 3) affected one patient; the remaining patients regained their pre-procedure Rankin score (Table 3) .
Discussion
Predictive factors for neurological deficit in our series were the partial obstruction of drainage veins, AVMs smaller than 3 cm, intranidal No statistically significant relationship in the regression was found in the multiple logistic analysis between the Spetzler and Martin score or its components and the risk of procedure-related neurological deficit.
In the initial evaluation by the modified Rankin scale, 78.9% of the patients did not show neurological deficit (mRS = 0); 18.3%, 13 patients presented functionally irrelevant neurological deficits (mRS = 1), 12 of them as a consequence of hemorrhagic episodes and one secondary to ischemic ictus and 2.8% of the cases (two patients) showed incapacitating deficits (Rankin = 3) due to intracranial hemorrhage.
According to the modified Rankin scale, 56 patients (78.9%) did not experience changes in neurological condition after the treatment. A total of 13 patients (18.3%) showed a new treatment-related neurological deficit, including two (2.8%) who died from a complication of the procedure, one (1.4%) with incapacitating deficit (mRS = 3), four (5.6%) suffered non-incapacitating deficit (mRS = 2), and six (26.8%) presented a functionally irrelevant neurological deficit (mRS=1).
After the embolization session that caused rological deficit due to embolization, while patients with large AVMs (> 6 cm) had a higher probability. In a multivariate analysis controlling gender, the following pre-embolization variables were predictors of new neurological deficit: performing more than one embolization procedure, deep venous drainage, location in an eloquent area and small AVM diameter. Although they had four patients with wide diameter AVMs, a size above 6 cm also significantly predicted new post-embolization deficits.
In a univariate analysis of another series of 119 patients with 240 superselective embolizations, Hartmann et al. 24 reported that the high frequency of embolizations, the absence of basal neurological deficit, the non-hemorrhagic presentation of the AVM, large AVM diameters, Spetzler and Martin score and its elements, "deep venous drainage" and "location in eloquent area"' were associated with neurological deficits related to long-term treatment, regardless of the fact that no significant relationship was found in the multivariate analysis for some variables 24 . The fact that extensive devascularization and faulty hemodynamic control are predictive factors of neurological deficit is linked to the increased hemorrhage rate associated with them, in agreement with the findings of Heidenreich et al. 20 , that extensive devascularization, over 60% per session, increases the risk of post-procedure hemorrhage, constituting a risk factor for hemorrhage (OR = 18.8; IC: 95%). In addition, better results were obtained in patients cared for in postoperative intensive care units that in those looked after in medical intensive care units or in ictus units due to better postprocedure control of arterial pressure.
On the other hand, Jayaraman et al. 19 reported only 1.6% hemorrhagic complications with intensive blood pressure monitoring for 24-48 h, and MAP of 65-75 mmHg, which in their opinion minimizes the sudden elevation of post-embolization systolic arterial pressure and may reduces the risk of post-embolization hemorrhage.
In our study, similar to others 11, 12, 18, 19 , none of the grades of the Spetzler and Martin classification, and none of its three components predict treatment-related complications. This system was originally designed and validated to predict the results of surgical treatment 25, 26 and its application in endovascular therapy is not well-defined 1, 3, 12 . The rates of post-procedure morbidity-mortality in our study are within the ranges described elsewhere 6, 7, 18, 19 . Restoration of the neurological deficits in the long-term follow-up is aneurysms, a positive value of the Propofol test, faulty hemodynamic control and extensive devascularization. Some of these factors have been reported by other authors.
Hartmann et al. 12 evaluated neurological outcomes by the Rankin scale in 233 patients who had undergone 545 embolization sessions, multivariate analysis finding that age, the number of embolization sessions and a normal neurological condition in the initial evaluation exhibited a significant relationship with complications related to the endovascular treatment. The other variables assessed did not show a significant relationship. Neither the general score of the Spetzler-Martin scale (P = 0.163) nor its three separately evaluated components predicted the results of the treatment. Restricting the univariate analysis to incapacitating neurological deficit and death, they found significant relationships for age, initial presentation with hemorrhage, small AVM size and the presence of deep arterial afferences.
Jayaraman et al. 19 , in their series, reported the factors associated with new deficits included the number of embolization sessions and the absence of pre-treatment neurological deficit. They put forward the hypothesis that the absence of pre-treatment neurological deficit is due to the fact that new deficits are easier to identify in patients without pre-existing deficits. They did not find that the Spetzler-Martin score or any other specific morphological characteristic predicted the risk of permanent deficit.
Haw et al.'s 18 multivariate analysis reported that the factors associated with complications included the presence of high-flow fistulas, a nidus with a fistulous component, involvement of the membrane and venous embolization with the polymer.
Ledezma et al. 14 , in a multivariate analysis, found that peri-procedure hemorrhage and grades 3 and 4 of the Spetzler-Martin scale were predictors of post-embolization complications.
Kim et al. 15 reported that the number of embolized pedicles was significantly related to the onset of neurological deficits. Spetzler-Martin high grades were apparently related to a high risk of new neurological deficits, but this was not statistically significant.
Starke et al. 11 reported that the predictive factors of new neurological deficits due to embolization in a univariate analysis (P < 0.15) were the execution of more than one embolization procedure and location in an eloquent area. Moreover, patients with AVMs of average diameter (3 -6 cm) had a smaller risk of neu-modified Rankin scale 96% of the patients did not present functionally relevant neurological deficit (mRS = 0 or 1), and in 99% of them it was non-incapacitating (mRS = 2).
Starke et al. 11 reported that before the first embolization 91% of the patients did not present significant incapacity (mRS = 0-2) and, after the last embolization, 86% of the patients did not present significant incapacity. In the long-term follow-up (mean of 43.4±34.6 months), 94% of the patients did not show significant incapacity.
Conclusions
Our study found as predictive factors of neurological deficit the partial obstruction of drainage veins, AVMs smaller than 3 cm, intranidal aneurysms, a positive result of the Propofol test, faulty hemodynamic control and extensive devascularization. A significant number of patients with neurological deficit improved in the long-term prospective follow-up. noteworthy, though in most cases functionally irrelevant deficits persist.
In their series using the Rankin scale, Hartmann et al. 12 reported that 200 patients subjected to endovascular treatment did not experience changes in their neurological state after the treatment, and in 92% the deficit was not incapacitating. Of the 200 patients that did not experience changes in their functional neurological condition, 41 had pre-existing neurological deficits that remained unchanged after the endovascular treatment.
Jayaraman et al. 19 reported that in their series 171 patients (89%) presented a preembolization mRS of 0-2. After embolization, 172 patients (90%) showed mRS in the same range. However, four patients (2.3%) with pretreatment mRS <2 showed post-embolization mRS >2. Three of these patients presented complications related to the endovascular procedure.
Hartman et al. 24 reported that in a series of 119 patients undergoing 246 superselective embolizations, in the initial evaluation by the
